One hundred and thirty-one borderline hypertensive death in borderline hypertensives was 2.35. The main cause of death was stroke, accounting for 42.5% of the patients were followed up for 17 years. A cohort of normotensives strictly matched by age, sex, region and total death rate. The relative risk rates of occurrence and death associated with stroke were 8.3 and 11.6, respectoccupation served as controls (1:1). It was found that 64.6% of borderline hypertensive patients developed ively. It is concluded that the main complication of borderline hypertension was stroke rather than coronary into established hypertensives after 17 years follow-up, 25.5% restored to normotensives and 13.8% remained heart disease, which was similar to that of established hypertension in this area. Part of the borderline hyperunchanged. The total mortality rate of borderline hypertensives was higher than that of normotensives (27.9 vs tensives need to be treated to reduce the risk of cardiovascular complications. 13.4/1000 person years), and the relative risk of total
Introduction
carried out on a short term basis both in eastern and It has long been recognised that increasing levels of western countries. [13] [14] [15] [16] [17] The larger Australian trial is blood pressure (BP) are associated with diminished not applicable because it did not include patients longevity. This effect is largely a consequence of BP with borderline levels of BP. 18 As a result, many increasing the risk of coronary artery disease (CAD) physicians think that the prognosis of borderline and stroke. The relative risk associated with hypertensives is just the same as that of normotenincreased BP is greater for stroke than CAD.
1-4 Howsives. This study was aimed at revealing the natural ever, the attributable deaths due to increasing levels course of borderline hypertension over a prolonged of BP are far greater (in a ratio of 3-4:1) for CAD than period. One hundred and thirty-one cases of borderstroke in many clinical trials carried out in western line hypertensives diagnosed during screening for countries. [5] [6] [7] [8] [9] [10] [11] [12] It has been recently reported that hypertension in the southern part of the Fujian Provstroke is the main complication in Asian hypertenince, were matched with a cohort of normotensives sives. [2] [3] [4] Since the publication of the Veterans under the same conditions, ie, age, sex, region, and Administration Co-operative Study, it has been genoccupation, and both groups were followed up for erally accepted that antihypertensive drug treatment 17 years to show the natural outcome of borderis effective in preventing cardiovascular compliline hypertension. cation in severe and moderate hypertension. Nevertheless, evidence for the effectiveness of treating
Subjects and methods
patients with a diastolic BP (DBP) of 90-94 mm Hg was controversial. 6 Some authorities claimed that This study was carried out in 1974 in rural villages the data available fully justify reducing BP in all in the southern part of the Fujian Province, includpatients with diastolic levels of 90 mm Hg or ing Yongchun, Anxi, Quanzhou and Chendi counhigher. 7 The most favourable results in treating ties. Individuals over 30-years-old were screened for patients with initial DBP of less than 90-94 mm Hg hypertension. Each subject underwent the same prowere reported by the Hypertension Detection and tocol: determination of sitting BP after 30 min rest Follow-up Program (HDFP).
8 However other studies, with a mercury sphygmomanometer (Korotkoff including the Veterans Administration trial 9 US phase I and V) was used as the mean of the two readPublic Health Service Hospitals trial, 10 Oslo study, 11 ings on three successive days, measurement of body and Multiple Risk Factor Intervention Trial weight and height, physical check up, quantification (MRFIT), 12 yielded no significant difference in morof fasting plasma cholesterol and serum glucose, tality or morbidity between the control and treated routine tests of blood and urine, records of 12 leads patients when the entry DBP was 90-94 mm Hg, resting ECG, and examination of ocular fundus.
To enter the study the borderline hypertensive subjects should have a systolic BP (SBP) 140-159 lysed using Systat software. Data are expressed as means ± s.d. Mortality and morbidity owing to cardiac and cerebrovascular complication of both reverted to normotension after 17 years follow-up, groups were calculated. Z test and Mantel-Haenszsuggesting that the initial level of BP measured el's 2 test were used to determine the significance when subjects were recruited had no significant of the relative risk and attributable risk of cardiac impact on the outcome of borderline hypertensives and cerebral events between the two groups. The (SBP/DBP: 145 ± 9/89 ± 7.0; 146 ± 6/90 ± 4 and difference in age, plasma cholesterol, and body mass 144 ± 9/89 ± 4 mm Hg (P Ͼ 0.05). However, the index (BMI) were compared by analysis of variinitial level of BP of established hypertensives who ance (ANOVA).
developed from normotensive controls was significantly higher (SBP/DBP: 125 ± 12/81 ± 6 vs
Results
116.6 ± 4.7/74.9 ± 8.5 and 117.3 ± 11.3/74.9 ± 8.3 mm Hg; SBP: P Ͻ 0.05, DBP: P Ͻ 0.01, respectively), Characteristics of the study population whereas no difference was noted between these who Table 1 shows the general characteristics of the two developed into borderline hypertensives and those groups studied. There was no difference of age, sex, who remained normotensives (SBP/DBP: 116.6 ± areas of residence or occupation between these two 4.7/74.9 ± 8.5 vs 117.3 ± 11.3/74.9 ± 8.3 mm Hg). groups. Body mass indices of borderline hypertensives were greater than that of normotensive conLong-term prognosis of borderline hypertension trols (P Ͻ 0.05). Plasma cholesterol level of the borderline hypertensive group was not significantly As shown in Tables 3 and 4 , the morbidity and morhigher than that of normotensive controls (P Ͼ 0.05).
tality from strokes for borderline hypertensives were greater than that of normotensives. The relative risk of occurrence and death from a stroke were 8.3 and Outcome of 17 years' follow-up in borderline 11.6 respectively. Furthermore, the overall death hypertensives and normotensive controls rate in borderline hypertensives was higher (RR: 2.35) ( Table 5 ). Table 2 clearly shows that about two-thirds of the borderline hypertensives developed established
The main cause of death was stroke, accounting for 42.5% of total deaths. The average age of occurhypertension after 17 years follow-up, while less than a quarter of the normotensives became estabrence of stroke for borderline hypertensives and normotensives were 69.3 (19 cases) and 77.3 years lished hypertensives. Those borderline hypertensives who developed established hypertension were (three cases), 7.9 and 11.5 years after screening respectively. Only five borderline hypertensives and older than those who did not. BMI was also greater in those borderline hypertensives who developed one normotensive patient died of heart attack. These numbers are too small to be calculated into relative into established hypertension (BMI: 22.1) than in normotensives. There was no difference in the risk. Plasma cholesterol in borderline hypertensives suffering stroke was greater than that in normotensinitial BP among those who eventually developed established hypertension, compared with those who ive controls, while no difference in BMI was found between those whose BP remained unchanged. remained borderline hypertensives, or those who sives was stroke as found in established hyper-
Discussion
tension. Previous studies on the prognosis of borderline hypertensives have been carried out on a short term Hypertension has long been regarded as a main or small scale basis, [13] [14] [15] [16] [17] which has led to the conrisk factor for both coronary heart disease (CHD) and clusion that there was no difference in the natural stroke. In western countries, the death of hypertenhistory of borderline hypertensives and normotensive patients was mainly due to cardiovascular sives. This long-term study is not consistent with events. The higher the BP, the higher the incidence these earlier findings and shows that:
of CHD. The Framingham study showed that hypertension is one of the three major risk factors for CHD (1) 60% of borderline hypertensives developed and demonstrated that the BP/CAD association is established hypertension; independent of age and sex. 19 There were twice as (2) the prognosis of borderline hypertension is more many patients with CHD in hypertensive population ominous than previously thought; (3) the major cause of death in borderline hypertenas in normotensive controls. The MRFIT trial showed that increasing levels of SBP is associated ated BMI are closely related to increased circulatory blood volume and hyperinsulinemia, which stimuwith an increasing relative risk of CAD death, 20 and demonstrated that the effect of elevated BP (DBP lates the hypertrophy of resistance vessels. Another factor related to the increased likelihood in the у90 mm Hg) is independent of smoking status or level of serum cholesterol for AMI. 21 In addition to development of established hypertension was age. It seemed that the greater the age of the patient when the Framingham Study and MRFIT screening data, the US Pooling Project, 22 which combined data from borderline hypertension was diagnosed, the higher the likelihood that established hypertension would five US studies, confirms the consistency of the BP/CAD association.
develop. Borderline hypertension increased the relative risk of occurrence of stroke by 8.34-fold, which However, stroke is the main cause of death of hypertensive patients in Asian countries (China and was consistent with Zhu's study. 13 The main cause of death in borderline hypertensives was stroke, Japan).
2-4 In China, the previous study showed that the main complication of hypertension was stroke.
which was also the major cause of death for established hypertensives in these areas, 2-3 accounting It was reported that 76% of stroke victims were hypertensive patients (195/257), 23 which was five for 42.5% of total deaths. This greater risk of stroke in borderline hypertensives is possibly related to the times as many as myocardial infarction, in sharp contrast with the complications of western hypervascular pathological changes consequent to raised BP, in addition to the higher level of BP itself. It has tensive patients. Incidence of stroke in hypertensive patients was six times more frequent than that in been reported that borderline hypertension is associated with increased sympathetic nervous tone, normotensives. Our previous result showed that the occurrence rate of stroke in hypertensive patients thickened vascular walls, higher peripheral resistance, and hyperreactivity to vasoactive stimuli. [24] [25] [26] [27] was 7.76 times greater than that in normotensives, while the death rate of stroke in hypertensive This study was carried out in a population with a low plasma cholesterol level. Reed 4 reported a patients was 9.4 times greater than that in normotensives.
2-3 Ninety per cent of the cardio-cerebral comparadoxical phenomenon in Japan where a high risk of stroke is associated with a low prevalence of CHD, plication of hypertension was stroke, which accounts for 47.1% of the cause of total death, sugsuggesting that low plasma cholesterol, high alcohol consumption, and the eastern low animal lipid and gesting that stroke was the major cause of death and complication in hypertensives in the areas studied.
protein diet increased the risk of cerebral haemorrhage 3-fold. From 1963 to 1983, plasma cholesterol Borderline hypertension may either develop into established hypertension or revert to normotension.
in the regions studied increased by 22 mg/dl, more animal fat was consumed, and body weight It was reported that 10-30% borderline hypertension would develop into established hypertenincreased. During this period, the incidence of stroke decreased by 60%. Multivariate analysis of sion. [13] [14] [15] [16] Our study has shown that 64% of borderline hypertensives developed established hyperrisk factors for stroke in our investigated population has shown that plasma cholesterol is actually a protension during 17 years follow-up. This inconsistency may be ascribed to the different follow-up pertective factor for stroke.
2-3
Although the plasma cholesterol level of the 19 iods. It is thus suggested that an increased incidence of established hypertension will develop from borborderline hypertensives who suffered strokes was on average higher than the normotensive controls, derline hypertension with aging.
It is not yet clear what the decisive factors are in this level may not be high enough to protect these patients from stroke. Therefore, the high morbidity contributing to this development. [16] [17] Our data showed that those borderline hypertensives with an and mortality may be ascribed to the fact that the population studied consisted mainly of rural farincreased BMI were more prone to develop established hypertension. It is now well known that elevmers (78%), who had lower serum cholesterol resulting from their eastern type of diet. Another stronger than in patients with borderline hypertension, it is by no means unanimous. possible reason for this difference may be that the population studied were mainly made up of The ability to predict CAD or stroke rates on the basis of BP levels at the population level is not conuntreated or irregularly treated hypertensive patients, without metabolic disturbances which sistent. For example, the Japanese have a very high prevalence of hypertension but a low incidence of resulted from antihypertensive agents. In this population, high BP per se may be the main determinant CAD events 29 as do several other populations in Africa. 30 The Medical Research Council (MRC) 31 of of complications.
Finally, the disease that causes cerebral haemorGreat Britain has conducted the largest trial, with 17 354 patients. Baseline DBP ranged from 90-109 rhage is quite different from that which causes cerebral thrombosis and myocardial infarction. The mm Hg. There was no difference in coronary events, the greatest reduction being in the incidence of former is a disease of the small cerebral arteries in which the media gives way under the influence of strokes, which was 109 in the control group and 60 in the treated group. The principle conclusion of the high BP, causing aneurysm and rupture. The latter is a disease of the large arteries in which intimal MRC trial is that the major effect of the treatment was prevention of stroke. This result was similar to plaques narrow the lumen which is ultimately closed by thrombus. Therefore, genetic and racial that of most other trials, including the original Veterans Administration Trial, and the Australian Trial. difference may play a role in the different outcome of borderline hypertensives between eastern and However, the degree of protection afforded against stroke in the MRC trial was low. western hypertensive populations.
Genes that influence the renin-angiotensin system Our results indicated that borderline hypertensive patients were at a higher risk of suffering from are potentially etiologic candidates for causing cardiovascular disease because their products exert a stroke. However, the average period between screening and the occurrence of stroke was rather long (8 profound systemic effect on vasoconstriction, and ACE inhibitors reduce the risk of cardiovascular disyears). On balance, it is suggested that different medical regimes, such as regular visits to a doctor ease. This supposition is supported by reports that the ACE I/D polymorphism is associated with and taking antihypertensive drugs, according to age, plasma lipid level, tendency of BP changes, and the increased risk for myocardial infarction in the white population and Japanese. Recently, Kario et al 28 functional state of heart, brain, and kidney, are recommended for borderline hypertensives to reduce reported that there was a positive association between the ACE/‫ء‬D allele and ischemic stroke in long-term cardiovascular complications. Japanese hypertensives. Their study showed that the ACE genotype distribution of the hypertensive
